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Plates and Flanges 


BENDING TO SPHERICAL SHAPE 


When the two bending moments and M 2 are numerically equal, the curvatures 
of the plate surface in the two perpendicular directions must also be equal and the 
plate develops a spherical shape, for which the radius of curvature can be obtained 
from the expression 


^ M 


(31.8) 


It can be argued that a plate of any shape should attain a spherical curvature as long 
as its edges are loaded by a uniformly distributed moment M. It is noted, however, 
that the spherical shape is undevelopable in contrast to a cylindrical surface which 
can be generated by a bending action in one plane only. 

The fundamental feature expressed by Eq. (31.8) is useful in establishing the 
formula for the effect of a thermal stress in the plate with clamped edges. For 
instance, if the plate of any shape is heated in such a way that a linear thermal 
gradient is established across its thickness, the curvature resulting from such heating 
of an entirely free plate is 
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(31.9) 


where ( is the radius of curvature of the plate caused by the temperature gradient 
AT. 

If a clamped support is now introduced to prevent edge rotation due to the 
thermal gradient, the required bending moment per unit length of the edge becomes 


M = 


aAT(l + v)D 
t 


(31.10) 


For a rectangular element of the plate having unit width and thickness t , the 
maximum bending stress occurring at the top and bottom surfaces can be obtained 
using Eqs. (31.3), (31.5), and (31.10) 


aE AT 
“ 2(1 - v) 


(31.11) 


This result is indicated in Table 17.5, giving various approximate and exact 
formulas for thermal stresses due to internal constraint. The curvature of the free 
plate, given by Eq. (31.9), produces no stresses as long as the clamping effect is not 
present. 

Expansion or contraction due to temperature is caused by thermal strains that 
alter the shape of the body. By forcing this body back to its initial shape, we must 
add mechanical forces that cause stresses. Therefore free shape does not experience 
such forces unless there are areas of the body where some incompatibility of natural 
expansion or contraction exists. 



